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Mo<va<on	  
•  The	  diurnal	  cycle	  is	  a	  fundamental	  earth	  system	  
variability.	  

•  Significant	  diurnal	  cycle	  signals	  are	  evident	  in	  many	  
geophysical	  datasets,	  including	  temperature,	  water	  
vapor,	  clouds,	  radia<on,	  and	  convec<ve	  precipita<on	  
(e.g.,	  Minnis	  and	  Harrison	  1984a,b,c;	  Randall	  et	  al.	  
1991;	  Janowiak	  et	  al.	  1994;	  Bergman	  and	  Salby	  1996;	  
Lin	  et	  al.	  2000;	  Soden	  2000;	  Yang	  and	  Slingo	  2001).	  

•  The	  diurnal	  cycle	  is	  tradi<onally	  thought	  to	  be	  the	  
result	  of	  a	  long	  <me	  average	  removing	  “weather	  
noise.”	  



Background:	  Diurnal	  Cycle	  Regimes	  
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• Convec<ve	  and	  
non-‐convec<ve	  
regimes	  are	  
determined	  using	  
climatological	  	  High	  
Cloud	  	  amount	  (e.g.,	  
Bergman	  and	  Salby	  
1996).	  

• Convec<ve:	  
High	  cloud	  >	  10	  %	  
• Non-‐Convec<ve:	  
High	  cloud	  <	  10	  %	  

9%	  15%	  

31%	   45%	  
Tradi<onal	  diurnal	  cycle	  
regimes	  provide	  a	  
sta<s<cally	  robust	  
categoriza<on.	  



Main	  Points	  

•  Point	  1:	  The	  TOA	  flux	  (and	  cloud)	  diurnal	  cycle	  
is	  variable.	  

•  Point	  2:	  Diurnal	  cycle	  variability	  in	  TOA	  flux	  is	  
driven	  by	  clouds.	  

•  Point	  3:	  Neglec<ng	  this	  variability	  leads	  to	  
uncertainty	  and	  bias.	  

•  Point	  4:	  Variability	  in	  the	  diurnal	  cycle	  is	  
related	  to	  variability	  in	  atmospheric	  dynamic	  
and	  thermodynamic	  state.	  

	  



Diurnal	  cycle	  variability	  defined	  
The	  monthly,	  3-‐hour	  composite	  of	  a	  variable	  
differs	  from	  month-‐to-‐month	  outside	  of	  the	  

random,	  sta<s<cal	  varia<ons.	  
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Data	  
•  CERES	  SYN	  Ed2rev1:	  
–  Synergis<cally	  combines	  CERES	  and	  GEO	  observa<ons	  
to	  create	  a	  3-‐hourly	  data	  product	  by	  using	  GEO	  
radiances	  to	  obtain	  diurnal	  shape	  and	  CERES	  for	  
radiometric	  accuracy:	  

(1)  A	  calibra<on	  of	  each	  GEO	  instrument	  with	  MODIS	  
imager	  data	  

(2)  A	  narrowband	  radiance	  to	  broadband	  radiance	  
conversion	  

(3)  An	  integra<on	  of	  GEO	  broadband	  radiance	  to	  
irradiance	  	  

(4)  A	  normaliza<on	  of	  GEO	  derived	  flux	  to	  observed	  
CERES	  flux.	  	  	  	  



Method:	  Diurnal	  Harmonic	  

•  CERES	  Synop<c	  Data	  
– 3-‐hourly	  CERES-‐Geo	  
merged	  data	  product.	  

•  Fourier	  analysis	  is	  
used	  to	  compute	  
diurnal	  harmonics.	  
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Monthly,	  3-‐	  hourly	  composites	  
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OLR	  Diurnal	  cycle	  variability	  
•  Fourier	  harmonic	  

analysis	  is	  used	  by	  
fiing	  a	  cosine	  
func<on	  to	  
monthly,	  3-‐hourly	  
composites	  of	  
OLR,	  LWCF,	  and	  
OLRCLR.	  

•  The	  seasonal	  cycle	  
of	  the	  monthly	  
data	  set	  is	  
removed	  and	  the	  
STDEV	  is	  shown	  
here	  to	  represent	  
diurnal	  cycle	  
variability.	  

STDEV(Amplitude)	  (unit:	  W	  m-‐2)	  

STDEV(Phase)	  (unit:	  hour)	  



Alterna<ve	  diurnal	  cycle	  variability	  
metric	  (RMS)	  

•  Because	  of	  the	  RSW	  
structure,	  a	  Fourier	  
first	  harmonic	  fit	  
does	  not	  
characterize	  the	  
diurnal	  cycle	  well.	  

•  Therefore,	  an	  
alterna<ve	  method	  is	  
developed	  to	  
characterize	  RSW	  
diurnal	  cycle	  
variability.	  
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Harmonic	  vs.	  RMS	  Method:	  	  
OLR	  

•  These	  plots	  present	  a	  
comparison	  between	  
the	  harmonic	  and	  
RMS	  diurnal	  cycle	  
metrics.	  

•  The	  same	  regions	  are	  
highlighted	  in	  both	  
the	  harmonic	  and	  
RMS	  methods.	  

•  The	  main	  point	  here	  
is	  that	  the	  RMS	  
method	  cannot	  
dis<nguish	  between	  
amplitude	  and	  phase	  
contribu<ons.	  
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RSW	  diurnal	  cycle	  variability:	  RMSRSW	  
and	  RMSRSW	  

•  The	  RSW	  diurnal	  
cycle	  is	  highly	  
variable	  in	  regions	  of	  
oceanic	  convec<on	  
and	  moderately	  
variable	  over	  land	  
convec<ve	  and	  ocean	  
non-‐convec<ve	  
regions.	  

•  The	  variability	  is	  very	  
small	  over	  land	  non-‐
convec<ve	  regions.	  

•  The	  diurnal	  cycle	  
variability	  in	  the	  RSW	  
diurnal	  cycle	  is	  
en<rely	  due	  to	  
clouds.	  
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Assessing	  uncertainty	  from	  neglec<ng	  
diurnal	  cycle	  variability:	  TOA	  flux	  

(1) Create	  a	  simulated	  data	  set	  with	  diurnal	  cycle	  
variability	  removed.	  

	  
(2) Compare	  against	  “truth”	  data	  set	  (CERES	  SYN	  

Ed2rev1)	  ! 

OLRsim (m,h) =OLR(m,hobs) *
OLRclim (m,h)
OLRclim (m,hobs)
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Neglec<ng	  Diurnal	  Cycle	  Variability:	  
Uncertainty	  

OLR	  

RSW	  

Uncertainty	  in	  monthly	  mean	  OLR	  and	  RSW	  fluxes	  ranges	  from	  
1-‐7	  Wm-‐2	  across	  the	  tropics	  (Taylor	  2013,	  submiled).	  



Neglec<ng	  Diurnal	  Cycle	  Variability:	  
OLR	  Bias	  

OLR’	  >	  +1σ	  

OLR’	  <	  -‐1σ	  

Systema<c	  bias	  ranges	  from	  +5	  to	  -‐5	  W	  m-‐2	  when	  sorted	  by	  
magnitude	  of	  OLR’	  (Taylor	  2013,	  submiled).	  



Neglec<ng	  Diurnal	  Cycle	  Variability:	  
RSW	  Bias	  

RSW’	  >	  +1σ	  

RSW’	  <	  -‐1σ	  

Similar	  to	  OLR,	  systema<c	  bias	  ranges	  from	  +5	  to	  -‐5	  W	  m-‐2	  
when	  sorted	  by	  magnitude	  of	  RSW’.	  



Regional	  Behavior	  of	  	  
OLR	  and	  RSW	  bias	  

Shown	  is	  the	  regional	  difference	  between	  OLRsim	  and	  OLRobs	  	  and	  RSWsim	  and	  RSWobs	  
sorted	  by	  monthly	  OLR	  and	  RSW	  anomaly,	  respec<vely.	  



Neglec<ng	  Diurnal	  Cycle	  Variability:	  
Uncertainty—Two	  Observa<ons	  

OLR	  

RSW	  

Uncertainty	  in	  monthly	  mean	  OLR	  and	  RSW	  fluxes	  changes	  from	  
1-‐7	  Wm-‐2	  to	  1-‐5	  Wm-‐2	  (Taylor	  2013,	  submiled).	  



Low	  cloud	  diurnal	  cycle:	  
Sensi<vity	  to	  LTS	  
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Main	  Points	  

•  Point	  1:	  The	  TOA	  flux	  (and	  cloud)	  diurnal	  cycle	  
is	  variable.	  

•  Point	  2:	  Diurnal	  cycle	  variability	  in	  TOA	  flux	  is	  
driven	  by	  clouds.	  

•  Point	  3:	  Neglec<ng	  this	  variability	  leads	  to	  
uncertainty	  and	  bias.	  

•  Point	  4:	  Variability	  in	  the	  diurnal	  cycle	  is	  
related	  to	  variability	  in	  atmospheric	  dynamic	  
and	  thermodynamic	  state.	  



OLRerr	  and	  RSWerr	  sorted	  by	  
atmospheric	  thermodynamic	  state	  

Shown	  is	  the	  regional	  difference	  between	  OLRsim	  and	  OLRobs	  	  and	  RSWsim	  and	  RSWobs	  
sorted	  by	  the	  monthly	  THETAE,SFC	  anomaly.	  



OLRerr	  and	  RSWerr	  sorted	  by	  
atmospheric	  dynamic	  state	  

Shown	  is	  the	  regional	  difference	  between	  OLRsim	  and	  OLRobs	  	  and	  RSWsim	  and	  RSWobs	  
sorted	  by	  the	  monthly	  ω500	  anomaly.	  



Reanalysis	  diurnal	  cycle	  bias:	  
OLR	  amplitude	  
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•  Shown	  are	  the	  
differences	  between	  
the	  climatological	  OLR	  
diurnal	  cycle	  
amplitude	  from	  ERA-‐
Interim	  and	  MERRA	  
with	  CERES	  
observa<ons.	  	  

•  The	  results	  indicate	  
that	  over	  land	  the	  
reanalysis	  data	  sets	  
significantly	  
underes<mate	  the	  
OLR	  diurnal	  cycle	  
amplitude.	  

•  This	  error	  is	  mostly	  
drive	  my	  a	  weak	  LWCF	  
diurnal	  cycle	  
amplitude.	  



Reanalysis	  diurnal	  cycle	  bias:	  	  
LWCF	  amplitude	  
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•  Shown	  are	  the	  
differences	  between	  
the	  climatological	  
LWCF	  diurnal	  cycle	  
amplitude	  from	  ERA-‐
Interim	  and	  MERRA	  
with	  CERES	  
observa<ons.	  	  



Harmonic	  vs.	  RMS	  Method:	  	  
LWCF	  

•  Same	  as	  
previous	  but	  
for	  LWCF.	  

•  The	  main	  point	  
here	  is	  that	  the	  
RMS	  method	  
cannot	  
dis<nguish	  
between	  
amplitude	  and	  
phase	  
contribu<ons.	  
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South	  America	  Convec<ve	  Region:	  
High	  Clouds	  

High	  cloud	  frac<on	  diurnal	  cycle	  amplitude	  and	  phase	  show	  a	  sensi<vity	  to	  CAPE	  and	  ω500	  
anomalies.	  

CAPE	   ω500	  

CAPE’	  >	  +1σ	  

CAPE’	  <	  -‐1σ	  

ω500'>	  +1σ	  

ω500’<	  -‐1σ	  



South	  America	  Convec<ve	  Region:	  	  
Low	  Clouds	  

Low	  cloud	  frac<on	  diurnal	  cycle	  amplitude	  and	  phase	  show	  a	  sensi<vity	  to	  CAPE	  and	  ω500	  
anomalies.	  

CAPE	   ω500	  

CAPE’	  >	  +1σ	  

CAPE’	  <	  -‐1σ	  

ω500'>	  +1σ	  

ω500’<	  -‐1σ	  


